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Protonation and Zn(II) complexation of N-substituted amino acids, valine (H2L1) and glycylglycine (H2L2), with 4-amino-1,6-
dihydro-1-methyl-5-nitroso-6-oxopyrimidin-2-yl as substituent, were studied by potentiometric and UV–Vis measurements. Bia-
nions L1 and L2 suﬀer three protonation steps in aqueous medium corresponding to the amide and carboxylate groups of the amino
acidic moiety, and the nitrogen atom of the nitroso group of the pyrimidine fragment. Both ligands form mononuclear Zn(II)
complexes in aqueous solutions. The binding donor groups are the nitroso and/or the oxo groups of the pyrimidinic moiety or the
carboxylate group, depending on whether the ligands are neutral or anionic, respectively. Weak metal-to-ligand interactions were
observed independently of the functionality used by the corresponding ligand on bonding to Zn(II). The reaction of ZnCl2 with the
monodeprotonated ligands (1:1) yields a polynuclear 2D {[Zn(HL1)2]  2H2O}n and a mononuclear [Zn(HL2)2(H2O)4] complexes,
showing the inﬂuence of the susbtituent on the amino acids fragment as well as the versatility of this class of compounds when acting
as ligands.
Keywords: Crystal structures; Zinc complexes; Titrations1. Introduction
N-substituted a-amino acids with 4-amino-1,6-dihy-
dro-1-methyl-5-nitroso-6-oxopyrimidin-2-yl as sub-
stituent are molecular compounds consisting of a
pyrimidinic rigid moiety with an amino acidic pendant
moiety. These compounds are potential ligands against
metal ions, having as potential donor groups the amino
acidic moiety (including the carboxylate anion and the
potential donor atoms of the R substituent existing on* Corresponding authors. Tel.: +953026568; fax: +953026508.
E-mail addresses: rlopez@ujaen.es (R. Lopez-Garzon), rmcu-
esta@ujaen.es (R. Cuesta).Ca) and C5NO and C6O groups of the pyrimidinic
moiety. This, together with the rigidity of the pyrimid-
inic moiety, favours the formation of 1D, 2D and 3D
polynuclear solid complexes whose crystal structures
feature, in some cases, those of metal–organic com-
pounds with non-linear optic properties [1].
In this paper, the crystal structure of H2L2 is com-
pared to H2L1 one and those of other analogous ligands
[2,3]. The acidic/base behaviour of both of the com-
pounds and their reactivities with Zn(II) in aqueous
medium are discussed and the crystal and molecular
structures of {[Zn(HL1)2]  2H2O}n (1) (polynuclear 2D)




Fig. 3. (a) ORTEP drawing of the asymmetric unit and (b) packing of the molecules of {[Zn(HL1)2]  2H2O}n.
42.3. Crystal structure of 2
A view of the complex is shown in Fig. 4 while se-
lected bond distances and angles are listed in Table 2,
and consist of mononuclear [Zn(HL2)2(H2O)4] mole-
cules with the Zn(II) ion coordinated by four water
molecules and the two carboxylate groups of the HL2
ligands in a trans position, as a result of the Ci sym-
metry. Thus, the planes of the pyrimidinic moieties lie
parallel one to one another in such a way that the re-
sulting structure is a regular octahedron with Zn(II) on
the centre of inversion. As in 1, bond distances in the
C(5)–NO group and in the N21–C2–N3–C4–N4 frag-
ment exhibit the changes due to the bipolar character.
In the crystal packing, the molecules of
[Zn(HL2)2(H2O)4] stack with the pyrimidinic planes of
symmetry related molecules parallel to one another and
separated by ca. 3.9 A. This arrangement is stabilized by
a complex net of inter and intramolecular hydrogen
bonds.
2.4. Zn(II) coordination in aqueous solution
Complex formation equilibria in water solutions for
H2L1/Zn(II) and H2L2/Zn(II) (1:1 molar ratio) were
determined from the potentiometric data obtained at
298.1 K and 0.1 mol dm3 KCl ionic strength. The best
ﬁt of experimental data for H2L1/Zn(II) system in thepH range (2.5–7.0) corresponds to the formation equi-
libria of [Zn(H2L1)]
2þ and [Zn(H2L1)(HL1)]þ com-
plexes (Table 3). The H2L1 would be coordinated to
Zn(II) in [Zn(H2L1)]
2þ through the C5NO group. The
low stability constant (logK ¼ 2:48 for [Zn(H2L1)]2þ)
indicates a weak interaction. It has been noted before
that the donation of the r electron pair of the nitrogen
atom of NO group to a Lewis acid gives rise to the
quenching of the visible absorption band of H2L1 at 525
nm. Thus, the existence of [H3L1]
þ species (C5NO
protonated) and complex [Zn(H2L1)]
2þ species in the
same pH range (due to their similar stability constants,
2.23 versus 2.48) made impossible the structural char-
acterization by analysis of visible spectrum of the H2L1/
Zn(II) system at a diﬀerent pH value. To get further
insight into the nature of metal–ligand interaction in
[Zn(H2L1)]
2þ, growing amounts of ZnCl2 were added to
a 103 M aqueous solution of H2L1 at pH 2, up to 1:10
[H2L1]/[Zn(II)] ratio. Provided that no change was ob-
served in the visible spectra and in accordance with the
low logK value for this species, a NO–Zn(II) interaction
seems to be probable. Fig. 5(a) shows that [Zn(H2L1)]
2þ
is the main complex species existing up to a pH value of
ca. 2, but when HL1 amount grows in the solution (at
increasing pH values) the [Zn(H2L1)(HL1)]
þ mixed
complex emerges due to the addition of a HL1 to an
[Zn(H2L1)]
2þ molecule: [Zn(H2L1)]2þ +HL1 ¼ [Zn-
(H2L1)(HL1)]
þ. The stability constant of [Zn(H2L1)-
Table 2
Selected bond lengths (A) and angles () for {[Zn(HL1)2]  2H2O}n and
[Zn(HL2)2(H2O)4]
{[Zn(HL1)2]  2H2O}n
N(3A)–C(2A) 1.317(5) O(5A)–Zn(1)–O(6B) 165.93(10)
N(3A)–C(4A) 1.348(5) O(5A)–Zn(1)–O(22A) 99.93(10)
N(3B)–C(2B) 1.332(4) O(5A)–Zn(1)–N(5B) 94.96(11)
N(3B)–C(4B) 1.350(4) O(6B)–Zn(1)–O(22A) 93.64(9)
N(4A)–C(4A) 1.302(5) O(6B)–Zn(1)–O(22B) 82.70(11)
N(4B)–C(4B) 1.310(5) O(6B)–Zn(1)–N(5B) 73.67(9)
N(21A)–C(2A) 1.335(4) O(22A)–Zn(1)–N(5B) 126.97(11)











N(3)–C(4) 1.344(3) O(1W)–Zn(1)–O(2W) 94.79(9)
N(4)–C(4) 1.320(3) O(1W)–Zn(1)–O(22) 91.59(8)
N(5)–C(5) 1.351(3) O(1W)–Zn(1)–O(2W)b 85.21(9)
N(21)–C(2) 1.328(3) O(1W)–Zn(1)–O(22)b 88.41(8)
N(3)–C(2) 1.325(3) O(2W)–Zn(1)–O(22) 91.11(8)
O(22)–C(24) 1.281(3) O(2W)–Zn(1)–O(1W)b 85.21(9)
O(23)–C(24) 1.222(3) O(2W)–Zn(1)–O(22)b 88.89(8)
O(5)–N(5) 1.271(3) O(22)–Zn(1)–O(1W)b 88.41(8)
Zn(1)–O(1W) 2.119(2) O(22)–Zn(1)–O(2W)b 88.89(8)
Zn(1)–O(2W) 2.140(2) O(1W)b–Zn(1)–O(2W)b 94.79(9)
Zn(1)–O(22) 2.055(1) O(1W)b–Zn(1)–O(22)b 91.59(8)
O(2W)b–Zn(1)–O(22)b 91.11(8)
a 2 x;1=2þ y; 1 z.

























































Fig. 5. Distribution species diagram as a function of pH for: (a) system
H2L1/Zn(II) (molar ratio 1:1) and (b) system H2L2/Zn(II) (molar ratio
1:1).
Fig. 4. (a) ORTEP drawing and (b) crystal packing of the molecules of
[Zn(HL2)2(H2O)4].
Table 3
Stability constants (logK) of Zn(II) complexes with H2L1 and H2L2
(0.1 mol dm3 KCl, 298.1 K)
Reaction logKa
H2L1+Zn
2þ ¼ [Zn(H2 L1)]2þ 2.48(3)
[Zn(H2L1)]
2þ +HL1 ¼ [Zn(H2L1)(HL1)]þ 2.86(8)
2HL2 +Zn2þ ¼ [Zn(HL2)2] 6.29(3)
Zn2þ +HL2 +L22 ¼ [Zn(HL2)(L2)] 12.63(2)
a Values in parentheses are standard deviations on the last signiﬁcant
ﬁgure.
5(HL1)]þ (logK ¼ 2:86), although it is slightly higher
than [Zn(H2L1)]
2þ species, points out the similar
strength in the binding of Zn(II) to pyrimidine andcarboxylate moieties. This would explain the trend of
the mononuclear complexes existing in solution to yield
the neutral polynuclear complexes with Zn(HL1)2 stoi-
chiometry described above; although the weakness of
Zn(II)–pyrimidine interaction is also consistent with the
formation of mononuclear complexes of Zn(II) with
some of these types of ligands [8], embodying
[Zn(HL2)2(H2O)4] complex described above.
In the H2L2/Zn(II) system, the unique complex ex-
isting up to pH value of 3 is the mononuclear neutral
Zn(HL2)2 species which contains two organic ligands in
monoanionic form. The stability constant (logK ¼ 6:29)
also reﬂects a weak Zn(II)–carboxylate interaction, as
observed in the case of H2L1 ligand. At pH values higher
than ca. 3, the [Zn(HL2)(L2)] anionic mixed complex is
formed by the process: Zn(HL2)2 +OH
 ¼ [Zn(HL2)
6(L2)] +H2O. In [Zn(HL2)(L2)], L2 is a bianionic li-
gand formed by deprotonation of NH group attached to
C2 atom of the pyrimidinic moiety, which suggests the
strong polarization of N–H bond induced by the metal
carboxylate interaction existing in Zn(HL2)2 species, in
such a way that at a pH value of ca. 6, [Zn(HL2)(L2)] is
the unique species existing in solution.2.5. Concluding remarks
The protonic aﬃnities of the two nitroso-pyrimidine
N-containing amino acids ﬁt well with a polar electronic
pattern for the pyrimidinic moiety with a negative
charge localized on N5O5 group and a positive charge
on N(21)–C(2)–N(3)–C(4)–N(4) moiety. H2L1 and
H2L2 protonations are accomplished by the vanishing
of a typical absorption band at 525 nm, this corresponds
to r–p forbidden electronic transition of the non-
bonding electronic pair of N atom of C5NO group.
Thus, the vanishing of these bands proves the proton-
ation of such N atom. The reactivity of H2L1 and H2L2
against Zn(II) ﬁts well with the electronic structures of
the ligands. Neutral H2L1 ligand forms a mononuclear
[Zn(H2L1)]
2þ complex in which the oxygen atom of
C5NO group is used as weak donor base. On the other
hand, in aqueous medium HL1 and HL2 anionic ligands
act also as monofunctional ligands, using COO as the
donor weakly bonded group. These weak interactions
just cause the existence of single mononuclear species in
solution with a tendency to form polynuclear aggre-
gates, as observed in other cases with this kind of ligands
[5,7,8].
Otherwise, the solid structures of the two Zn(II)
complexes reﬂect the versatility of these kinds of ligands.
While {[Zn(HL1)2]  2H2O}n consists of 2D polynuclear
aggregates with Zn(II) pentacoordinated to four diﬀer-
ently coordinated HL1 ligands, [Zn(HL2)2(H2O)4] is a
mononuclear complex with an octacoordinated Zn(II)
ion to two equivalent COO-bonded HL2 ligands and
four water molecules.3. Experimental
3.1. Synthesis
Ligand H2L1, anhydrous N-2-(4-amino-1,6-dihydro-
1-methyl-5-nitroso-6-oxopyrimidinyl)-L-valine, was pre-
pared as previously described [2]. 1H NMR (DMSO-d6)
d (ppm): 10.83 (s, 1H), 8.31 (d, 1H), 7.68 (w, 1H), 4.48
(d, 1H), 2.21 (m, 1H), 0.96 (dd, 6H). 13C NMR (DMSO-
d6) d (ppm): 18.9, 19.0, 27.3, 30.3, 61.0, 141.6, 149.8,
154.1, 161.6, 174.6. 13C NMR (H2O, pH 6) d (ppm):
21.2, 21.3, 30.1, 30.3, 32.8, 66.8, 143.5, 154.3, 157.4,




A solution of glycylglycine (2.11 g, 16 mmol) in
aqueous KOH (16 ml, 1 mol dm3) was added to
4-amino-1,6-dihydro-1-methyl-2-methoxy-5-nitroso-6-
oxopyrimidine monohydrate (3.23 g, 16 mmol) sus-
pended in acetonitrile (50 ml). The mixture was then
reﬂuxed for 1.5 h and the resulting solution cooled at
room temperature. At once it was acidiﬁed with 2 N
HCl up to pH value of ca. 3 and then vacuum evapo-
rated to give a crystalline solid. The product was washed
with water, ethanol and diethylether and recrystallized
in water. Anal. Calc. for C9N6O5H12: C, 38.03; H, 4.25;
N, 29.57. Found: C, 37.81; H, 4.35; N, 28.97%. 1H
NMR (DMSO-d6) d (ppm): 12.58 (s, 1H), 10.90 (d, 1H),
8.37 (d, 1H), 8.33 (m, 2H), 4.04 (d, 2H), 3.75 (d, 2H),
3.37 (s, 3H). 13C NMR (DMSO-d6) d (ppm): 27.4, 44.3,
110.1, 142.1, 149.7, 154.9, 161.6, 168.5, 171.1. 13C NMR
(H2O, pH 6) d (ppm): 30.4, 46.0, 47.5, 143.7, 154.2,
158.3, 166.3, 173.8, 179.2. 13C NMR (H2O, pH 12.3) d
(ppm): 31.0, 45.9, 51.5, 152.6, 154.7, 156.6, 167.0, 176.6,
179.3.
3.3. {[Zn(HL1)2]  2H2O}n (1)
ZnCl2 H2O (68.14 mg, 0.5 mmol) was added to a
solution of H2L1 (134.5 mg, 0.5 mmol) and KOH (0.5
mmol) in water (25 ml), resulting in a solution of pH 5.
Orange crystals of {[Zn(HL1)2]  2H2O}n suitable for X-
ray analysis were obtained by slow evaporation at the
air during 24 h. Anal. Calc. for ZnC20H32N10O10: C,
37.65; H, 5.02; N, 21.96. Found: C, 37.51; H, 5.08; N,
21.87%.
3.4. [Zn(HL2)2(H2O)4] (2)
ZnCl2 H2O (68.14 mg, 0.5 mmol) was added to a
solution of H2L2 (142 mg, 0.5 mmol) and KOH (0.5
mmol) in water (50 ml). This solution (pH 4.2) was left
to evaporate during three days at the air until formation
of violet crystals. This solid keeps its crystalline ap-
pearance, whereas, is submerged in the mother liquor. In
this way, it was mounted into a Lindeman tube for X-
ray analysis. Otherwise, when this solid was ﬁltered oﬀ it
became partially dehydrated. Anal. Calc. for
ZnC18H28N12O13: C, 31.60; H, 4.10; N, 24.59. Found: C,
31.86; H, 4.18; N, 24.23%.
3.5. X-ray structure analyses
Details for data collections and structure reﬁnement
are summarized in Table 4.
Table 4
Crystallographic data for {[Zn(HL1)2]  2H2O}n and
[Zn(HL2)2(H2O)4]
{[Zn(HL1)2]  2H2O}n [Zn(HL2)2(H2O)4]
Empirical formula C20H32N10O10Zn C18H30N12O14Zn
Formula weight 637.93 703.91
T (K) 293(2) 293(2)
Wavelength (A) 0.71073 0.71073
Space group P21 P1
a (A) 10.3670(9) 7.3450(7)
b (A) 7.5199(8) 7.4785(7)
c (A) 18.5409(12) 14.081(1)
a () 90.00 83.38(1)
b () 95.913(6) 77.11(1)
c () 90.00 67.07(1)
V (A3) 1437.7(2) 694.1(1)
Z 2 1
dcalc (g cm3) 1.474 1.684
l (cm1) 0.922 0.976
Ra 0.0409 0.0323
Rwb 0.0911 0.0864









73.6. X-ray structure of {[Zn(HL1)2]  2H2O}n
The unit cell parameters were determined and the
data collected on a STOE STADI4 4 circle diﬀrac-
tometer at 293 K. The data were corrected for Lo-
rentz-polarization eﬀects and for dispersion, and an
empirical absorption correction, using the program
SHELXTL V.5 [9]. The structure was solved by direct
methods and reﬁned by using the SHELXTL V.5. All
non-hydrogen atoms were reﬁned anisotropically,
while H-atoms were included in calculated positions
and treated as riding atoms using the SHELXTL V.5
default parameters.3.7. X-ray structure of [Zn(HL2)2(H2O)4]
The unit cell parameters and the intensity data were
collected at rt on a Stoe Image Plate Diﬀraction system
using Mo Ka graphite monochromated radiation. Im-
age plate distance 70 mm, / oscillation scans 0–200,
step D/ ¼ 1, h range 2.97–25.99, dmax–dmin ¼ 12:45–
0:81 A. The crystal was found to be a twin with ca.
15% overlapped reﬂections found on the 200 images.
Only the reﬂections relating to the principal component
of the twin were used for structure solution and re-
ﬁnement. The structure was solved by direct methods
using the program SHELXS-97 [10]. The reﬁnement and
all further calculations were carried out using SHELXL-
97 [10]. The H-atoms were located from diﬀerence
Fourier maps and reﬁned isotropically. The non-H
atoms were reﬁned anisotropically, using weighted full-
matrix least-squares on F 2.3.8. Potentiometric measurements
The equilibrium constants for H2L1 and H2L2 pro-
tonations and complexations were determined from emf
data obtained from potentiometric measurements at
298.1 0.1 K, by using the procedure previously
described [11]. Ligands and metal concentration of (1–
1.5) · 103 mol dm3 and 1:1 metal-to-ligand molar ra-
tios were employed in the potentiometric measurements.
Three titrations in each of the systems studied were
performed with ca. 70 data point in each case. The
HYPERQUAD [12] program was used in the calculation
of the equilibrium constants from emf data.
3.9. Spectrophotometric measurements
Absorption spectra were recorded on a Perkin–Elmer
Lambda 19 spectrophotometer. HCl and KOH water
solutions were added to solutions containing H2L1 or
H2L2 (0.1 M KCl) to adjust the pH values.
3.10. NMR spectroscopy
1H (300.13 MHz) and 13C (75.48 MHz) spectra in
DMSO-d6 and H2O solutions (at diﬀerent pH values)
were recorded in a Bruker DPX300 spectrometer. To
adjust the pH, small amounts of KOH were added to
aqueous solutions of H2L1 and H2L2.4. Supplementary material
Crystallographic data (excluding structure factors)
for the structural analysis have been deposited with the
Cambridge Crystallographic Data Centre, CCDC Nos.
214666 for {[Zn(HL1)2]  2H2O}n and 214667 for
[Zn(HL2)2(H2O)4]. Copies of this information may be
obtained free of charge from The Director, CCDC, 12
Union Road, Cambridge CB2 1EZ, UK (fax: +44-1223-
336-033; e-mail: deposit@ccdc.cam.ac.uk or www:
http://www.ccdc.cam.ac.uk).Acknowledgements
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